This work aims to study the possibility recycling of foundry sand wastes (FSW) as a cementations additive and fine aggregate in selfcompacting mortars (SCM). For this, an experimental study was carried out to evaluate physical and mechanical properties of SCM. Firstly, sand is substituted by the foundry sand waste at dosages (0%, 10%, 30%, and 50%) by weight of the sand. Secondly cement is partially substituted by crushed foundry sand waste at different ratio (0%, 10%, 20%, 30%, and 50%) by weight of cement. The obtained results show that up to 50%, (FSW) can be used as fine aggregate for mortars without affecting the essential proprieties of mortar. However, beyond 50% of sand substitution, mortars lose their fluidity. The compressive strength of the mortars with 50% of cement substitution decreased compared to the control mortar. Value of the highest compressive strength recorded at 28 days, is of the order of 50 MPa for the mortar with 20% of cement substitution. Also, stress-strain curve show an acceptable mechanical behavior of FSW-based mortar at 50% of sand substitution.
INTRODUCTION
Currently, foundry wastes occupy their place in the field of construction materials as supplementary materials (Farooq et al., 2014; Amitkumar et al. 2015; Khatib et al., 2010; Salokhe and Desai, 2014) . Among these wastes, it can be cited foundry sand which contains high quality silica with interesting physical characteristics. Many works have studied on the foundry sand in recent years which can be cited in the following: use of foundry in hydraulic barriers (Abichou et al., 1998 (Abichou et al., , 2000 ; in asphalt concrete (Bakis et al., 2006) ; usage opportunity as waste material in civil engineering and recycling (TRB, 1994; Reddi et al., 1995) ; recycling and removal off waste foundry (Senske, 1970) etc. Foundry sands are by-products of the metal casting industries (ferrous and non-ferrous) whose sand can be re-used and recycled as a molding material because of its thermal properties. Foundry sands have physical and chemical characteristics that will depend largely on the type of casting process and the industrial sector from which it is derived (Salokhe and Desai, 2014; Sen and Mishra, 2010; De Koff et al., 2008; Mgangira, 2006) . Several studies have been carried on the use of WFS in cement mortars of concrete materials, either as filling material or as fine aggregates. Naik et al. (Naik et al., 1996) have found that with use of foundry sand in concrete, the workability reduced and Compressive strength of concrete slightly decreased due to the replacement of regular coarse aggregate with foundry sand. However, other studies (Naik et al., 1996; Singh and Siddique, 2012; Farooq et al., 2014; Amitkumar et al. 2015) investigated some fresh and hardened properties of concrete containing waste foundry sand (WFS). They noticed that there is a loss in workability of studied concretes as function as foundry sand content. By cons, an increasing in compressive strength of all concrete mixes (with and without WFS) was observed with curing age. However, compressive strength of concrete has also decreased with increasing amounts of WFS. This decrease has been explained that WFS absorbed more water. Regarding the use of WFS as sand in the cement mortars, Monosi et al, (Monosi et al., 2010) investigated the properties of mortars containing different dosages of used foundry sand (WFS) as partial replacement of sand. According to their results, they concluded that, at same w/c ratio the WFS has reduced the fluidity when added as natural sand replacement and higher amount of superplasticizer is required in order to maintain the same fluidity. Similarly, they have found that a decreasing of compressive strength was observed by using of WFS as sand in concrete (Lawrence and m. Mavroulidou, 2009; Fiore and Zanetti, 2007; Khatib et al., 2010 Khatib et al., , 2011 Da Silva et al., 2011) . According to this modest bibliographic research on the use of foundry sand wastes, it is still interesting to see also its influence on the properties of a fluid mortar, namely selfcompacting mortars. For this, the main objective of this work is to replace sand or cement by a waste, technique objective: to have a self-compacting mortar of comparable quality to control mortar and finally environmental objective: recycling of a foundry sand waste. So we have to study the effect of substitution sand and cement by foundry sand waste on the physico-mechanical properties of self-compacting mortars. Sand is substituted by foundry sand waste (0-5 mm) at ratio (0, 10, 30, 50, and 100%) by weight of sand noted respectively (MS0, MS10, MS30, MS50, MS100). And also the cement substituted by foundry sand waste at dosage (0, 10, 20, 30, and 50%) by weight of cement noted (MC0, MC10, MC20, MC30, MC50).
EXPERIMENTAL STUDY

Materials used
The materials used in this study are: Portland cement (CEM II 42, 5), limestone filler, Polycarboxylate based superplasticizer (from SIKA, Tempo 12 type), natural sand NS (0/5mm), foundry sand waste (FSW).
The foundry sand waste used (figure1) in our work is a recycling waste from Algeria foundry. This waste was characterized; it has a special feature of form. Indeed, the shape of this waste is an angular one. It is remarkable that (FSW) contain essentially silica (table 1) . Therefore, the characteristics of this sand are determined either at natural state and crushed state. The physical properties of Natural Sand (NS) and WFS are given in Table 2 . From table 2, it was noted that WFS-sand is finer than natural sand according the obtained fineness modulus of the used sands. Figure 2 shows the particle size distribution of used (SFW) and natural sand. According to the figure, (FSW) has a fine particles. It is also noted that (FSW) have round shape granulometry. In Figure 3 , it is remarkable that cement is thinner than the crushed (FSW). In fact, this latter contains grains with a diameter of 100μm more than cement. Besides cement has particles with a diameter of 10 μm exceeding 50% with respect to the ground foundry sand. mixes details of control mortar (SCM0) and others variants were obtained by using FSW as sand substitution at dosages (10, 30, and 50% wt. of sand), and by cement substitution at ratio (10, 20, 30 and 50% wt. of cement). The ratio (F/C = 0.10) is kept constant. The mixing protocol was kept constant for all mortar mixtures. 
Preparation, curing and test methods
Fresh properties: After each preparation, the fluidity of the freshly prepared mortar was evaluated to ensure the mini-slump flow diameter suitable for self-compacting concrete according to RFNARC (RFNARC Norm, 2002) .
Hardened Properties: For hardened properties of mortars, prismatic (40x40x160 mm3) and cubic (50x50x50 mm3) samples were manufactured for each mixture. One day after casting, samples were stored in water under 21±1°C. The various tests and measurements were carried out in order to study mechanical (bending strength, uniaxial compression and mechanical behaviour) properties. Three-point bending and uniaxial compression tests are carried out at 2, 7 and 28 days on water stored samples. Three-point bending tests were carried out on prismatic samples according to ASTM C348 (ASTM C348 norm, 2008). Cubic samples were subjected to compressive stress by using a hydraulic press with a capacity of 3000 KN according to ASTM C349 (ASTM C349 norm, 2008). From the stress-strain curve, mechanical behavior for mortars was obtained experimentally using a compression uniaxial. 
RESULTS AND DISCUSSIONS
Cement Substitution
Fluidity of mortars
The mortar fluidity is tested by mini-cone and the results are given in Figure 7 . According this figure, all studied mortars show fluidity suitable for self-compacting mortars is varying between 180 and 220 mm. However compared to MC0, a decreasing of the fluidity mortars is observed. Beyond 50% of substitution, self-placing mortars lose their fluidity. It should be noted that this fluidity can be made up by increasing the dosage of the superplasticizer. Figure 7 . Fluidity of mortars studied by cement substitution
Compressive and flexural strength
Flexural tensile and uniaxial compression tests were performed at 2, 7, and 28 days of cure. Evolution of the flexural and the compressive strength for all the studied mortars at different curing age is given in Figure 8 . According to obtained results, it is evident that the mechanical strength increases as a function of curing age for all mortars. This is can be explained by cement hydration products. However, it is noted that the flexural strength is constant for cement substitution by FSW MC10 and MC20 compared MC0, a reduction of the strength for 30% and 50% of substitution ( figure 6(a) ). It is found that the compressive strength for the mortar is practically the same for mortars MC0, MC10, MC20, for cement substitution for SFW. However, beyond the 30% foundry sand waste a decrease of compressive strength is not significant (Figure 8) . The resistance for 50% substitution the decreases, the value of the highest compressive strength at 28
days recorded is of the order of 50.5 MPa for the mortar of 20% cement replacement
Sand substitution
Fluidity of mortars:
According to the fresh test results, fluidity of mortars decreased with the increase in the substitution rate of sand by waste foundry sand (Figure 9 ). Indeed, up to 50% of substitution the decrease is not important; the mortar meets the requirements of concretes self-compacting mortar. Beyond 50 % substitution, self-compacting mortars lose their fluidity. Figure 9 . Fluidity of mortars studied by sand substitution
Compressive and flexural strength
From the obtained results, the flexural strength is constant for the case of the sand substitution 10% and 30% compared with the control mortar, decrease in resistance for 50% substitution is not important. There is also significant reduction in the resistance for a 100% substitution compared with the control mortar ( figure 10(a) ). The results of the compression resistance of the mortars are given in Figure 10(b) , the strength increases as a function of the cure time, it is noted that the resistance value of the mortars is practically the same for mortars MS0 and MS10 substitution of sand. However, above 30% and 50% sand substitution, the resistance decreases, the value of the highest compressive strength is of the order of 49 MPa for the mortar of 10% of substitution of sand. The resistance value for 100% total substitution of the sand is very low compared to the control mortar. 
Mechanical behavior of the studied mortar
This part of the work is dedicated to the study of the mechanical behavior of mortars studied by uni-axial compression tests carried out on 50x50x50 m3 specimens. For this, it has chosen the compositions of the mortars which gave better results compared to the reference mortar M0, namely the mortar MC10, MC30, MS10 and MS50 respectively, cases of substitution of cement and sand. The results obtained are given in the form of constraint-deformation curve of all the mixtures after 28 days of hardening. Then mechanical behavior for each mortar mixtures was determined experimentally by drawing the stress-strain curve. The results obtained were given in figure 11 .
It is clear that these mortars have a fragile behavior identified by an elastic domain then rupture at a maximum load. However, the MC10 mortar has the same mechanical behavior as the reference mortar MC0. While, up to 30% cement substitution by foundry sand, mechanical behavior of the mortar is still fragile but a reduction in the maximum charge with a lower deformation compared to the control mortar is observed. Figure 11 . Stress-strain of studied mortars at 28-day (a) cement substitution (b) sand substitution
CONCLUSIONS
The objective of this study was to recycle foundry sand waste as a cementations additive and fine aggregate (sand) in the formulation of self-compacting mortars. An experimental study was carried out to evaluate the fresh and hardened properties of self-compacting mortars. With partial or total cement substitution by finely ground foundry sand waste and substitution of natural sand by foundry sand waste. Through the experimental study carried out, it can be concluded that: -Up to 30% cement substitution by ground foundry sand, reduction of fluidity of the mortars is not important, or the mortar meets the requirements of self-placing. Beyond 50% substitution, self-compacting mortars lose their fluidity. It should be noted that this fluidity can be made up by increasing the dosage of the superplasticizer.
-The compressive strength of the mortars for 50% cement substitution decreased compared to the control mortar. Value of the highest compressive strength recorded at 28 days, is of in order of 50 MPa for the mortar of 20% cement substitution.
-Concerning the use of foundry sand as sand, up to 50% substitution the decrease of fluidity mortars is not considerable. At 100% substitution of natural sand, self-compacting mortars lose their fluidity.
-For mortars with 30% and 50% sand substitution, resistance has decreased; value of the highest compressive strength recorded is of the order of 49 MPa for mortar with 10% sand substitution by waste foundry sand.
-The MS10 mortar with 10% of foundry sand has a mechanical behavior identical to the reference. While up to 30% sand substitution by foundry sand, the mechanical behavior of the mortar is still fragile but a reduction in the maximum load with a lower breaking deformation compared to the control mortar is observed.
In this work it has been shown that the cement can be substituted by the foundry sand waste up to 30% by weight of cement or the mortar meets the requirements of self-compacting mortars from the point of view of fluidity and implementation as well as the mechanical properties. Regarding the use of foundry sand as sand, sand substitution can reach up to 50% substitution without greatly affecting the physical and mechanical properties of self-compacting mortar.
